ABSTRACT-The affinities of Gastrophryne, based on osteology, adaptations for myrmecophagy, secondary sexual characteristics, tadpole morphology, mating call, and karyotype, lie with Hypopachus, and not with Microhyla. Gastrophryne contains 5 species: G. usta, G. elegans, G. pictiventris, G. carolinensis, and G. olivacea. Although the latter 2 species occasionally hybridize, consistent differences in morphology and premating isolating mechanisms (especially call) are maintained in sympatric populations. The species are similar in diet, (predominantly ants), adult and larval feeding specializations, and body size. Details of anatomy, call, and terrestrial chorusing set G. usta apart. Foot morphology suggests that G. elegans and G. pictiventris are more closely related to each other than to G. carolinensis and G.
which feed on ants do not have narrow heads. Perhaps myrmecophogy reduces the selective value of a large mouth and cryptozoic or burrowing habits favor a narrow pointed head. Several burrowing frogs with varied diets do not have narrow heads. Many frogs jump considerable distances to catch their prey-this (and the leg length required for it) is unnecessary for feeding on ants. Microhyla pulcha can jump 6 ft in one bound (Pope, 1931) but G. carolinensis can jump only 11 or 12 in (Anderson, 1954) . Similarly, cryptozoic habits remove or reduce the dependence on long jumps for predator avoidance. The skin of Gastrophryne is leathery (Kellogg, 1932; Stebbins, 1966) . Ant mandibles may be imbedded in the skin of Gastrophryne causing no apparent harm (Fitch, 1956a) . Gastrophryne have a transverse dermal groove immediately behind the eyes which can be covered from behind by a fold of skin. In frogs that have not been molested the fold is usually small or absent. A disturbance frequently elicits a marked increase in the extent of the fold. I pricked a G. carolinensis near the eye with a needle whereupon the frog twisted his head sideways and increased the fold until it extended forward beyond the eye. The groove and fold of skin behind the head in Gastrophryne and various other microhylids may have evolved to protect the eyes from the ant stings. G. carolinensis has a sticky dermal secretion which protects it from ants (Anderson, 1954) . These features are less developed in most Microhyla. Parker (1934) reported an occipital fold as present in all American Microhyla and Hypopachus species except M. pictiventris and M. aequatorialis. In contrast, Parker noted the absence of a fold for 10 Asiatic Microhyla and listed it as sometimes present or a trace in the other 6. Many Asiatic Microhyla have an Acris like habitus manifesting neither short legs nor a narrow head; their skin is not appreciably thickened. At least some Asiatic Microhyla eat ants, (Berry, 1965) but their habitus is apparently less modified for the combination of myrmecophagy with cryptozoic habits.
Sexual Dimorphism.-Adult male Gastrophryne usually have a dark throat and a vocal pouch and average smaller than females. Breeding males often have small pustules on the chin and front fingers (Anderson, 1954, for G. carolinensis; Mittleman, 1950, and Stebbins, 1951, for G. olivacea; Parker, 1934, Ul 57896-98, and TN 31847 for G. usta; Taylor and Smith, 1945 , for G. elegans; SC CRE 2970B for G. pictiventris). Breeding females frequently have pustules in the perianal region (Taylor, 1940, and KU 88026 for G. olivacea; FS 736-23, 736-24, and DU A5252 for G. carolinensis; Ul 50895, 62728, 7836, KU 73921, UM 121194 for G. usta; KU 65322 for G. elegans; SC CRE 2970A for G. pictiventris). Particularly pustulose males may have perianal spicules but in such cases they are usually much less developed than those on the chin. Breeding males have a nuptial adhesive gland covering the thorax and inner surfaces of the arms (Fitch, 1956a, for G. olivacea; Conaway and Metter, 1967, for G. carolinensis; Sumichrast, 1880, for G. usta; KU 65321 for G. elegans; SC CRE 2970B for G. pictiventris). This gland is most often evident from thickened and yellowed skin. The glands may keep a pair united during intrusions or prevent displacement of a clasping male by a rival (Fitch, 1956a; Awbrey, 1965) . The function of spicules is unknown.
This same complex of secondary sexual characteristics is known for some other New World microhylines including Hypopachus (Nelson, 1966) . I find no mention of a nuptial gland in Asiatic Microhyla. Parker (1934) noted spicules or sexual dimorphism in pustularity for 5 of 10 American Microhyla species but listed neither for any Asiatic Microhyla. In secondary sexual characteristics, Gastrophryne thus agrees with Hypopachus and apparently differs from Asiatic Microhyla.
Tadpole. -Noble (1931) suggested that similar larvae of Microhyla and Gastrophryne indicate close affinity whereas Carvalho (1954) stressed that they are distinguished by different larvae. Descriptions of tadpoles for G. carolinensis and G. olivacea include Orton (1946) , Wright and Wright (1949) , Stebbins (1951) and Altig (1970) . Nelson and Altig (ms.) describe the tadpoles of G. elegans and G. usta. The tadpole of G. pictiventris is unknown. Gastrophryne tadpoles agree in the following characteristics: coloration, body shape, upper lip with a pair of generally smooth edged flaps, flaps separated medially by a U-shaped notch; lower lip unornamented, spiracle adjacent to anus at base of tail fin; dorsal and ventral tail fins subequal in height; and no terminal flagellum on tail.
The tadpoles of various populations of Hypopachus are described by Stuart (1954) , Taylor (1942) , Wright and Wright (1949) , Orton (1952) , and others. They agree with those of Gastrophryne in the features cited (including coloration) except that the labial flaps of Hypopachus are longer, have scalloped or papillate margins, and have convergent or overlapping medial edges. Parker (1934) summarizes earlier descriptions of the tadpoles of Asiatic Microhylinae. The more extensive subsequent descriptions are Bourret (1942) , Bhaduri and Daniel (1956) , and Inger (1966) . Asiatic Microhyla tadpoles do not have flaps on the upper lip, several have ornamented lower lips, only M. but/en has the spiracle near the anus, all except M. berdmorei have a terminal flagellum on the tail and have the lower tail membrane about twice as wide as the upper, and none resemble Gastrophryne and Hypopachus in coloration. Moreover, none of the tadpoles described for any other Asiatic microhyline combines the morphological features which unite the tadpoles of Gastrophryne and Hypopachus although various species show some of these features. In addition, tadpoles of Gastrophryne and Hypopachus both manifest a median lamella which functionally bisects the oesophagous longitudinally (Nelson and Cuellar, 1968) . This lamella is absent in 4 Asiatic Microhyla (Peter Hartz and Craig E. Nelson, current research). Gastrophryne tadpoles thus resemble those of Hypopachus and differ from those of Microhyla.
Mating Ca//ll.-The characteristics of the calls of G. olivacea, G. carolinensis, G. usta and G. elegans are summarized in Table 1 . The call of G. pictiventris has not been recorded; Dr. Norman Scott (personal communication) reports this species has a prolonged baa similar to other Gastrophryne. Details of the data are in Table 2 (for G. olivacea and G. carolinensis) and Table 3 (for G. usta). The description for G. elegans is based on calls recorded from a chorus 8.2 mi S of Sebol, Alta Verapaz, Guatemala, at an air temperature of 25 C. Originals or copies of all tapes are deposited with The University of Texas Bioacoustical Library. Calls were analyzed with a sound spectrograph ("Sona-Graph", Kay Electric Co.). The fundamental is the distance between 2 adjacent harmonics. The dominant at any particular point in time is the loudest harmonic, determined either as the longest line in a section or, at appropriate amplification, as the darkest line in "narrow-band" audiospectrogram. Times of less than 2.2 sec were measured from the audiospectrogram; longer times were measured with a stop watch. The close similarity of the calls of G. elegans, G. carolinensis, and G. olivacea (Table 1) is unusual. The fundamental of G. usta is distinctly lower than that of the other 3 species.
The calls of Hypopachus are similar and consist of a single, untrilled (0.8-8.2 sec) note with fundamentals varying from about 100 to 220 Hz, and dominants usually between 1600 and 3200 Hz (Nelson, 1966) . Heyer (in press) describes the calls of 6 Asiatic Microhyla species; all of these have pulsed calls and either do not have a harmonic structure or have a shifting pattern of emphasis. The mating call of Gastrophryne thus allies it with Hypopachus and (Trewavas, 1933) but no other comparisons are available. Conclusion.-Gastrophryne agrees with Asiatic Microhyla in only 1 character in which it differs from Hypopachus: the absence of clavicle-procoracoid arch, a character known to have originated (by degeneration) several times in microhylid evolution. It agrees with Hypopachus and differs from Microhyla in several features of osteology, in internal and external morphology of the tadpoles, in extent of adaptations to myrmecophogy, in secondary sexual characters, in mating call, and in number of chromosomes. Data from serum protein analysis and hybridization are compatible with a close relationship between Gastrophryne and Hypopachus. Thus, the hypothesis that Gastrophryne is more closely related to Asiatic Microhyla than to other microhylines must be rejected and Gastrophryne (rather than Microhyla) is the appropriate generic name.
SPECIES RECOGNIZED
There are 5 species: G. usta, G. elegans, G. pictiventris, G. carolinensis, and G. olivacea. G. usta has paired metatarsal tubercles; the other species have single metatarsal tubercles. G. elegans and G. pictiventris have dilated toe tips and a rudimentary web; the other species have simple toe tips and no webs. Gaige (in Stuart, 1934) In addition, the ventral coloration of G. elegans consists of irregular white blotches separated by a narrow darker reticulum (the width of the dark areas much less than the width of the light areas) whereas that of G. pictiventris consists of smooth edged white blotches separated by dark areas which are usually broader than the minimum width of the white blotches. The 2 species are allopatric. The Honduranian G. elegans (Appendix I) is typical in these features.
G. carolinensis and G. olivacea (under its synonym G. texensis) were generally regarded as distinct prior to Hecht and Matalas' review (1946) . These authors discuss series including intermediates from Latimer Co., Oklahoma and Victoria Co., Texas. In independently identifying the Victoria Co. material (US), I found 13 per cent intermediates where they had found 75 per cent. They examined Latimer Co. material (UM) which is a small sample (10 specimens) from larger series obtained by Bragg (UO, 43 additional specimens). Whereas, they specified 60 per cent hybrids, I find 12 per cent in the larger series (notes with the UO specimens indicate that Bragg regarded 18 per cent of them as hybrids). The discrepancies reflect my broader interpretation of the amount of ventral mottling in "pure" G. olivacea. Specimens with "mottling on the throat and sides of the abdomen" (Hecht and Matalas' criterion of intermediacy) are common throughout the southern third of the range and not infrequent in wooded NE Kansas (see intraspecific variation). Hecht and Matalas note large white areas on the abdomen in some Florida G. carolinensis (which restricts mottling to the sides as in their characterization of G. olivacea). Similar specimens occur in other areas (Marion County, Alabama, UA-uncatalogued; Athens, Clarke Co., Georgia, UG-625-part). Thus occasional specimens which are intermediate by Hecht and Matalas' criteria occur hundreds of miles from the zone of sympatry. My intermediates have strong mottling over at least the anterior portion of the abdomen (as well as the throat and sides of the abdomen) and lack the middorsal wedge and dorsolateral stripes often found in G. carolinensis. This reduces, but does not eliminate, overlap with patterns found outside the zone of sympatry.
I also noted intermediates from: Beavers Bend State Park, McCurtain County, Oklahoma (SL 1835, with 1 G. carolinensis); north of Sand Springs (UM 73209, 2 intermediates with 3 G. olivacea) Osage County, Oklahoma; Tulsa, Tulsa County, Oklahoma (UM 97294-97, 5 intermediates with 1 G. olivacea); 5 mi NE Fannin, Goliad County, Texas (US 83381); between Houston and South Houston, Harris County, Texas (TU 4679); and 13 mi W Cold Springs, San Jacinto County, Texas (TN 19455-56 , with 1 G. olivacea). Blair (1950) reports reciprocal laboratory hybrid tadpoles; and metamorphosed laboratory hybrids have been produced (Blair, 1955b) . The fertility of hybrids has not been determined. Blair (1955b) analyzes calls from some intermediate wild individuals. These data, and the wild-caught intermediates, demonstrate that these species can and do hybridize occasionally. It is now accepted (Mayr, 1964) Sympatric or nearly sympatric (but morphologically distinct) populations of these species are discussed by Strecker (1908b ,c), Bragg (1946 , Smith (1947a) , Blair (1950 Blair ( , 1952 , Brown (1950) , Peterson (1950) , Blair (1951 Blair ( , 1955a , Smith and Saunders (1952) , Lindsay (1954) , Blair and Laughlin (1955) , Raun (1960) and Awbrey (1965) . Most of these authors comment on sympatric differences in morphology, habitat, call, or breeding season. In the zone of overlap, G. carolinensis is more restricted ecologically and typically occurs on forested floodplains; G. olivacea sometimes extends into the forest and occurs in choruses with G. carolinensis (Blair, 1955b) . The zone of sympatry in Texas exceeds 150 mi in width but throughout this zone the species are easily distinguishable and apparent hybrids are rare.
Intrapopulational and geographic variation in mating calls is summarized in Table 2 . Calls of sympatric populations differ in call length and emphasized frequency (Bragg, 1950a; Blair, 1955b) . There is partial separation of both fundamental and call length for sympatric populations with no overlap in dominant frequencies (Awbrey, 1965) which confirms Blair's (1955b) demonstration that sympatric differences exceed adjacent allopatric differences (reinforcement). Typically, calls of G. olivacea have and those of G. carolinensis lack an initial "peep" (Blair, 1955b) . Females respond to the call and discriminate between calls of different pitch (Awbrey, 1965) . Hecht and Matalas (1946) concluded there was no difference in average size of G. olivacea and G. carolinensis using samples combining specimens from throughout the ranges. However, there is considerable geographic variation in size in both species (Table 4 ) and in accord with observations by Blair (1950) and Blair (1955a) , average differences of 1-4 mm separate the species in sympatry. In laboratory matings G. olivacea males clasp G. carolinensis females but some males of G. carolinensis are reluctant to clasp the smaller females of G. olivacea (Blair, 1950) . Distinct differences occur in body length between adjacent adult year classes (Anderson, 1954; Fitch, 1956a) . A preference of males for larger females within each species might be explained by the larger numbers of eggs in larger females (Anderson, 1954; Henderson, 1961) , and by the presumably greater average fitness of the larger (and older) females.
Prolonged and heavy rainfall initiates breeding (Anderson, 1954) . In eastern Oklahoma G. carolinensis is less dependent on rainfall for initiation of breeding than G. olivacea (Blair, 1950; Bragg, 1950a) . This difference provides only partial isolation as mixed choruses form after heavy rains (Blair, 1955b) .
Thus, although G. carolinensis and G. olivacea occasionally hybridize, distinct differences in color, average size, and isolating mechanisms (especially call) occur throughout a broad zone of sympatry. Consequently the two are distinct biological species.
DISTRIBUTION
Locality records are summarized in Appendix I. G. carolinensis is known from Maryland south to Key West, Florida, and west to Texas and Kansas; noteworthy new records (Appendix I) are from Texas (Cameron and Kerr Cos.) and Missouri (Miller Co.) . G. elegans is known from Veracruz south to Honduras; the Honduras record (Appendix I) extends the known range past major physiographic barriers. G. olivacea occurs from southern Nebraska and western Missouri south through the Great Plains and southern Arizona to San Luis Potosi and Nayarit; the Arkansas and east Texas localities (Cass, Chambers, Morris, Polk, and Nacogdoches Cos.) redefine the eastern limit. G. pictiventris is known from Nicaragua and Costa Rica. G. usta is known from coastal areas on the Pacific versant from Sinaloa south to El Salvador, and from the Gulf versant of Veracruz and Oaxaca.
There are two possible records of Gastrophryne from Morelos. A G. olivacea (FM 104398) catalogued as from 8 mi E of Cuernavaca on the road to Yautepec [Morelos, Mexico] corresponds to a "Microhyla" in E. H. Taylor's field catalogue for 1938 (H. Marx, per. comm.), not cited in Taylor and Smith (1945) or Smith and Taylor (1948) . It is separated by a few hundred km from other records for this species. The situation is complicated by Taylor's (1942) description as Hypopachus of tadpoles from "kilometer 133 near Huajintlan, Morel which, if accurately portrayed, must belong to Gastrophryne. The tadpoles are apparently no longer extant; the description of them matches either G. olivacea or G. usta (known from approximately 100 km S of Huajintlan).
G. usta has hitherto been regarded as occurring at several inland localities which are either doubtful or demonstrably wrong. Two G. usta which Kellogg (1932) listed from inland Jalisco (US 46963 from Atemajac and AM 12113 from Oblatos) are Hypopachus. The G. usta from Agua Delgada, 'Guadalajara, cited by Guinther (1900) is apparently assigned to Hypopachus by Parker (1934) . Tanner and Robison (1960) listed a G. usta from 7.5 mi N of Magdalena, (Taylor and Smith, 1945) . Reese and Firschein (1950) listed G. usta from 6 mi NE Tihuatlan, Veracruz; this is a G. elegans (Reese, 1953) . Gadow (1905) Nelson, 1966) . A G. usta (AM 13909) catalogued as from "2 mi W of Xochimilco, D. F., Mexico" (at about 2200 m) was collected by P. Ruthling. The validity of this locality is questionable (George Foley, per. comm.) . No microhylids are otherwise known from the Districto Federal. This record is some 1000 m higher than any valid record of G. usta.
Engystoma mexicanum, a synonym of Gastrophryne usta, was described (Peters, 1870) from "the warmer regions of Mexico (Matamoros and other sites)." Although the title states that the collector was in Puebla and the specimens were from Mexico, the specimens have usually been listed as from Puebla (Kellogg, 1932; Parker, 1934; Smith and Taylor, 1948) . Smith and Taylor (1950) fixed the type locality of E. mexicanum at [Izucar de] Matamoros, Puebla; this action is premature in the absence of any other records from Puebla or, indeed from the Balsas-Tepaltepec Basin which drains the Matamoros region. Kellogg (1932) reported a G. usta from Minatitlan, Veracruz (US 47530). Smith and Taylor (1950) noted that the specimen is tagged as from Pinabete, Chiapas (at 8500 ft) and apparently corresponds to a field entry from Pinabete and that the elevation is "almost unbelievable," that all other Chiapas records are from the lowlands, and concluded confirmation is required. The specimen is G. usta but the locality certainly requires confirmation. The type of G. usta (US 24965) was part of a collection which Cope listed as from Guadalajara, Jalisco. Most of the collection apparently came from coastal or foothills regions in western Mexico and 8 of the other 9 new species which Cope described from the collection do not occur there (Zweifel, 1959) . The type now consists of a few disarticulated bones and bits of tissue, and I could not directly ascertain its identity. Cope's (1866) statement that the type has no webs is sufficient to associate the type with what is now called G. usta (and exclude the possibility that it is a juvenile Hypopachus).
G. usta thus seems to be reliably known only from coastal lowlands and foothills. It is apparently absent from the interior basins of the Lerma-Chapala system, and from other areas above 1000 m. As the original type locality of G. usta is apparently erroneous, I hereby propose an emended type locality of Tecoman, Colima (at 80 m elevation), a locality where it does occur (Oliver, 1937) .
GEOGRAPHIC VARIATION AND INFRASPECIFIC TAXA
G. elegans and G. pictiventris are known from too few specimens to justify a discus of geographic variation. Tables 2-5 summarize variation in call and length for G. caroline olivacea and G. usta and in coloration for the latter species. G. carolinensis and G. o were separated into lowland and upland samples: coastal states were divided county by cou on the basis of the 100 m contour line, except Texas was divided at the Balcones escar non-coastal states and Coahuila, Chihuahua and Durango were considered upland; the rema of the range in Mexico was considered lowland.
Average body length in coastal G. carolinensis populations increases from Florida to Maryland. Inland averages are uniformly larger than adjacent coastal samples. Western populations both on the lowlands and uplands average about 1 mm larger than corresponding eastern populations. Calls from Florida are higher pitched than those from Texas and Oklahoma (Blair, 1955b) , but subsequent analysis does not agree (Table 2 ; Awbrey, 1965) .
Variation in body length in G. olivacea parallels G. carolinensis: lowland populations are shorter than adjacent upland populations and northwardly increasing clines are evident in Pacific Coast populations and in upland populations from Texas to Kansas (Table 4 ). The 2Number showing character over total number examined for this character. Some specimens were not examined for some characters or characters could not be adequately determined (due, for example, to bleaching).
available calls (Table 2) show appreciable geographic variation. Calls from Arizona, western Texas and Kansas have similar dominant frequencies. Frogs from these areas average appreciably larger than those from other areas for which calls are available (Table 4) . Geographic variation in dominant frequency matches the pattern that would prevail if dominant frequency were inversely proportional to size (unfortunately few of the calls can be related to a specimen and this hypothesis cannot be tested directly). In fundamental frequency, the Arizona calls are most similar to those from Tamaulipas and Sonora and very different from those from Kansas and western Texas, but the temperatures for the Arizona recordings are appreciably higher than in Kansas and western Texas but approximately equivalent to those in Tamaulipas (and to what might be expected in Sonora). These relationships would be reasonable if the fundamental were primarily a function of temperature (as it is in G. usta, Table 3 ; dominant frequency in G. usta is also a function of temperature but geographic variation in size is much less than in G. olivacea).
In Arizona, Lowe (1964) recognizes G. carolinensis from the Parjarito and Patagonia Mountains in oak-woodland and oak-grass habitats and G. olivacea in Pima Co. from desert habitats and in relictual mesquite-grass habitats. He cites no data supporting these hypotheses. However, Blair (1955b) had proposed that calls from the Santa Cruz Mountains (Pena Blanca Springs) more closely resembled those of G. carolinensis than of G. olivacea and (Blair, 1955a) attributed this to interspecific clinal variation. As noted above, the Arizona (Pe6a Blanca Springs) calls resemble those of other large bodied populations in dominant and those of populations recorded at similar temperatures in fundamental. Moreover, the call of this population, like those of other G. olivacea but unlike those of G. carolinensis typically begins with a "peep" (Stebbins, 1951; Blair, 1955b) . Wright and Wright (1949) cite the egg jelly of G. carolinensis as truncate and that of G. olivacea as not truncate; jellies from the Pena Blanca are truncate (Stebbins, 1951 (Stebbins, , 1954 . However, Salthe (1963; per. comm.) had eggs of G. olivacea from Oklahoma and Texas in which the jelly is truncate. G. carolinensis tadpoles usually have a distinct light stripe on the side of the tail; this stripe is usually obscure in G. olivacea (Wright and Wright, 1949) . The stripe is obscure in a sample from Penia Blanca (US 49480). Thus call, egg truncation, and tadpole coloration all fail to support Lowe's (1964) hypotheses.
However, modal adult coloration in montane and desert samples from Arizona does differ. Frogs of both areas usually have leg bands and usually have dark spots indicating an occiput-to-groin stripe. A dorsolateral row of dark spots is more frequent in montane (30 of specimens for which I have color notes) than in desert flat frogs (4 of 19) . Most montane (40 of 55) but few (2 of 19) of desert flat frogs have mottling on the back of the throat (almost a have mottling on the chin and sides). However the range of coloration in both groups is simi and they agree in the features (legbands, ventral mottling, dorsal markings) in which they dif from geographically distant populations. Consequently adult coloration provides no obvious basis for separation of the Arizona populations into 2 species nor for suggesting affinities of the montane populations with G. carolinensis but further study might support subspecific distinctions.
G. mazatlanensis (Taylor, 1943 ) is based on specimens from Sinaloa and has been applied with species (Smith and Taylor, 1948; Wake, 1961; and others) or subspecies (Hecht and Matalas, 1946; Hardy and McDiarmid, 1969) rank to the populations of G. olivacea-like frogs on the Pacific lowlands of northwestern Mexico. In comparison with G. olivacea, G. mazatlanensis is characterized as smaller, with a narrower head, the snout more projecting, flattened above and rounding at the tip; eye proportionally smaller, smaller choanae; toes and fingers more rounded with no lateral ridge; foot slenderer; and with a trace of a black stripe or row of spots from behind eye to a point on the side (Taylor, 1943; Smith and Taylor, 1948) . Body size will not separate these forms (Table 4 ). The relative head breadth and foot length of Sinaloan specimens is encompassed by the variation in 4 haphazardly selected Texas specimens (Nelson, 1966) . Taylor (1940) includes a Coahuilan specimen having a smaller eye (than G. mazatlanensis) both absolutely and proportionally. Hecht and Matalas (1946) state that smaller specimens have more acute snouts and smaller heads. Neither Taylor (1940 Taylor ( , 1943 nor Smith and Taylor (1948) give any measurements of width of foot or length of toes and no differences are apparent. In a series, (TN 16610-15) , from Penia Blanca Springs, one (16612) has no black dots on the side; another (16614) has elongate spots separated by no more than their length beginning on the eyelid and reaching 2/3 of the distance to the groin on the right side. This trace of a stripe is more discontinuous on the left side but reaches nearly to the groin. The remaining 4 specimens are intermediate. Similar variation is shown by another series from Santa Cruz Co. (UA: R. L. Bezy 1154-1165). Thus, no data are known which justify the use of any of the diagnostic or key characters presented by Taylor (1943; Smith and Taylor, 1948) for either specific or subspecific distinctions.
Hecht and Matalas treat mazatlanensis as a subspecies distinguished by a blotch or spot on the femur and tibia which form a bar or continuous line when the limb is folded; dorsum with dark spots, as contrasted to olivacea, in which spots rarely present on the femur and tibia; if present usually not forming a distinct bar when the limb is folded; dorsum tan and generally without markings. They figure G. olivacea from Kansas, Nebraska, and Coahuila that have distinct dorsal markings and leg markings that form a distinct bar. Chrapliwy, Williams and Smith (1961) note for specimens from Chihuahua: a variation from a few black spots on the anterior 1/3 of the tan dorsum to numerous scattered black spots over the entire dorsum continuing posteriorly onto thefemur; leg-bars variously developed; in some the leg-bars are inconspicuous or poorly defined, while in others broad and well developed, similar to the figure of mazatlanensis. A broad range of variation in development of leg bands also occurs in both montane and desert populations in Arizona. Leg bands thus provide, at best, an average separation.
The type series of mazatlanensis has the sides slightly mottled with lighter and darker (Taylor, 1943) . Hecht and Matalas (1946) also contrast olivacea and mazatlanensis with respect to ventral coloration. Hardy and McDiarmid (1969) contrast the ventral coloration of Sinaloan, Sonoran, and Texan G. olivacea. Hecht and Matalas (1946) and Wake (1961) report mottling for Arizonan and Sonoran specimens. Chrapliwy, Williams, and Smith (1961) report that in specimens from Chihuahua the ventrum is either immaculate or has a few scattered melanophores. Taylor (1940) and Webb (1960) discuss specimens from Durango which have pigment on the chest and sides of the body. Martin (1958) notes ventral mottling in specimens from Tamaulipas. Ventral mottling is thus frequent throughout Arizona and Mexico. Occasional specimens with partially mottled venters also occur elsewhere in the range of G. olivacea (e.g. Breahan Co., Mo, FM 123936-39; Jackson Co. Mo., KU 91001-03; Bourboun Co., Kansas, U.S. 73641; Douglas Co., Kansas, Taylor Co., Texas, AL, 54288) .
In summary, none of the morphological characters proposed for separating mazatlanensis are valid. The features of coloration characteristic of Pacific lowland populations are common throughout Mexico and occur occasionally throughout the range. There is no present indication of an abrupt shift in the frequency of these features. In the absence of such a shift, the recognition of subspecies does not accurately reflect the pattern of geographic variation.
Variation in G. usta is summarized in Table 5 . Frogs from Central America and Chiapas average slightly smaller than more northern populations. Frogs from the more SE regions typically have a hair-fine middorsal stripe, a similar stripe on the posterior surface of the leg, a dorsal dark wedge, and moderate to dark abdominal reticulations. Frogs from coastal Mexico between Guerrero and Sinaloa typically have neither hair-fine light stripe, have the abdomen only faintly reticulated, and often lack the dorsal wedge. Populations from geographically intermediate areas (northern Oaxaca and Veracruz) are more variable in all of these characters. Taylor and Smith (1945) recognize 2 subspecies of G. usta. G. usta gadovi is smaller and has hair-fine middorsal and leg stripes whereas G. usta usta lacks these lines and is larger; the range of G. u. usta is Sinaloa and central Veracruz southward to near the Isthmus of Tehuantepec, G. u. gadovi occurs in Oaxaca and Chiapas (Smith and Taylor, 1948) . The size distinction is invalid (Table 5) . Duellman (1960) and Fouquette and Rossman (1963) discuss coloration and conclude that a redefinition is needed. Lynch (1965) regards the populations from Veracruz, northern Oaxaca, and the Pacific coast of Chiapas, Guatemala, and Central America as distinct from the Pacific Coast populations north of Tehuantepec. He characterizes the former as having a reticulated venter, smaller size, and the frequent presence of a hair-fine line on the dorsum and legs. He further observes that the types of gadovi are from a narrow zone of intergradation where the diagnostic features of the two races show some variation, and concludes that the only unequivocable solution seems to be to regard gadovi as synonymous with usta, and, consequently, names the Veracruz-EI Salvador population Gastrophryne usta retifera with a type locality in Veracruz. In Veracruz, G. usta are relatively large (not small), the leg line is almost as uniformly absent as in the northwest, the middorsal stripe is less uniformly present than in Chiapas and Central America, and the ventral reticulations seem no more uniformly dark than around Tehuantepec and further southeast (Table 5) . (Ventral coloration is tabulated two ways in Table 5 to reduce the possibility of misinterpreting Lynch's criterion of a reticulated venter.) Thus, G. usta retifera applies to an intermediate population and is unavailable for subspecies designation (following Lynch's own criteria). Furthermore, E. mexicanum Peters was not allocated to either subspecies by Lynch and, depending on the type locality assigned to it, might be a senior synonym of retifera. The Tehuantepec population, and consequently the name Euphemphix gadovi Boulenger, can be regarded as representative of the southeastern populations or as intermediate depending on the amount of emphasis placed on ventral coloration. Recognition of subspecies seems unwarranted, however, when one considers the mosiac distribution of some characters and realizes that the area occupied by intermediate populations is large relative to that occupied by more distinctive southeastern populations.
HABITAT AND DIET Habitat.-Gastrophryne carolinensis inhabits most low elevatiQn vegetative format southeastern United States (Wright and Wright, 1949; Duellman and Schwartz, 1958) . A ern edge of its distribution, isolated populations occur in corridor forests and isolated forest (Blair and Laughlin, 1955; Blair, 1955b) . The northern records are a series of isolated populations associated with features that provide special protection from climatic vagaries: coastal marshes (in Maryland, Conant, 1958) regions of sinkholes, caves and springs (in southwestern Virginia, Fowler and Hoffman, 1951; Tennessee, Bailey, 1936; Kentucky, Hirschfield and Collins, 1963; Missouri, Hurter, 1897; and Kansas, Smith, 1947a) , and river bluffs (in Illinois, Smith, 1957; Missouri, Hurter, 1897; and Iowa, W. D. Klimstra, per. comm.) . This suggests that along its northern margin G. carolinensis is restricted to sites where it can penetrate sufficiently deep into litter and loose debris to avoid freezing.
G. olivacea inhabits deciduous forest, prairie and river flood plains in eastern Kansas (Fitch, 1956a) . Throughout the remainder of its range, the usual habitat is prairie or open woodland (Bragg, 1941; Lowe, 1964; Hardy and McDiarmid, 1969) . G. olivacea has higher minimum developmental, activity, and breeding temperature requirements than other frogs with which it occurs (Fitch, 1956b; Hubbs and Armstrong, 1961; Ballinger and McKinney, 1966) . Perhaps minimum temperatures during the breeding and tadpole seasons are limiting at the northern margin of its range. Bogert and Oliver (1945) suggest G. olivacea is excluded from southern California by desert conditions. The head ad and body in G. olivacea is more depressed than in the other species (Wright and Wright, 1949) . This may reflect a habit of escaping drought and/or freezing by forcing its way under rocs and into crevices, situations where it is commonly encountered (Fitch, 1956a; Smith, 1956) . Gastrophryne usta typically occurs in open tropical deciduous forest formations (Duellman, 1960; Hardy and McDiarmid, 1969, per. obs.) , marshes (Oliver, 1937) , and savannas (Duellman, 1960) . Duellman (1960) indicates exclusively evergreen forest for only 3 Oaxacan localities; at one of these G. usta was taken from a clearing (Fugler and Webb, 1957 G. elegans is known from humid evergreen tropical forests (Gadow, 1905; Stuart, 1958; Duellman, 1965) . I collected 2 series in Alta Verapaz from shallow backwater pools along flooding rivers. In both instances males were calling from flooded patches of grass over 2 ft high. Forest occurs at the edge of both flood plains.
G. pictiventris is known from regions of evergreen tropical and subtropical forest (Holdridge, 1962) . Dr. Norman Scott (per. comm.) reports a chorus of G. pictiventris from temporary pool in primary forest at Puerto Viejo, Costa Rica.
Diet.-The tadpoles are restricted to filter feeding (Nelson and Cuellar, 1968) . They feed largely on small plants and animals that accumulate at the surface of the water (Stebbins, 1954); Bragg (1947) notes that they float quietly near the surface. Ants and termites are the principle foods of G. carolinensis both by number and volume but many invertebrates are eaten (Anderson, 1954) . Ants are predominant in the diet of G. olivacea, but small beetles are also eaten (Fitch, 1956a) . Smith (1947b) reported a G. usta contains a large number of ants. Stomach contents from 2 other G. usta consist mainly of ants, but each includes part of a beetle (specimens from 9.8 mi W Pinotepa Nacional, Oaxaca, and 0.3 mi E Jaltipan, Veracruz) Stomach contents from 3 G. elegans (Guatemala: Tikal and 5 mi S Piedras Negras; Honduras: 15 km E La Ceiba) and 2 G. pictiventris (Nicaragua: 20 mi above Bluefields; Costa Rica: Puerto Viejo de Sarapiqui) consist exclusively of ants.
ISOLATING MECHANISMS
Hybridization of G. olivacea with G. carolinensis (Blair, 1950; Blair, 1955b) demonstrates that premating isolating mechanisms are important in separating sympatric species. Most species are allopatric. Those known to occur in close proximity are G. usta and G. elegans, G. usta and G. olivacea, and G. olivacea and G. carolinensis. Partial habitat separation occurs in these 3 cases. G. elegans occurs mainly in evergreen tropical forests and G. usta occurs mainly in open deciduous woodland. However, Parker (1934) lists both species from Salle's collections at Cordoba. Hardy and McDiarmid (1969) report that where the ranges of G. usta and G. olivace overlap they behave as ecological replacements (with G. olivacea in more mesic situations) and have not been collected together. G. olivacea and G. carolinensis frequently occur together (s species recognized), but, G. carolinensis is usually found only in the more mesic, forested portions of the zone of sympatry.
The call of G. usta has a lower fundamental than those of G. elegans and G. olivacea (Table 1) . (I cannot account for Hardy and McDiarmid's (1969) impression that pitch of G. usta calls is higher than G. olivacea.) The call of G. olivacea is unique in usually having an initial "peep" (see species recognized). The calls of G. olivacea and G. carolinensis overlap partially in all parameters if variation throughout the geographic ranges are considered but are distinct in the zone of sympatry (Table 2 ; Awbrey, 1965) . Awbrey (1965) confirms Blair's (1955b) hypothesis of reinforcement of call differences in the zone of sympatry. Bogert (1958) notes that 2 series of G. olivacea calls from Sonora differ much more markedly in average length than the interspecific differences between G. olivacea and G. carolinensis in the zone of overlap. I believe, but am unable to demonstrate quantitatively, that differences in call length between Gastrophryne choruses are due to variation in the level of excitement of the males and that rainfall, temperatures, size of chorus, dispersion, noise of other species, and disturbance affect excitement. For Hypopachus variolosus, I found (Nelson, 1966) differences as great as 2.2 sec (between averages of 5 calls) for males in the same chorus.
Male G. usta almost invariably call from concealment under leaves, grass, trash, etc. either at the waters edge or as much as 10 m away; they have never been observed to call while actually in the water (per. obs.; Hardy and McDiarmid, 1969) . This contrasts with G. olivacea (e.g. Stebbins, 1951; Fitch, 1956a) , G. carolinensis (Wright, 1932; Anderson, 1954) , G. elegans (per. obs.), and G. pictiventris (Dr. Norman Scott, per. comm.). The four latter species typically call with the body floating free but submerged from the axillae back, the forefeet resting on a stem or other object and the back strongly arched. Wright (1932) provides a photograph of this pose. In large choruses, G. olivacea may float free (Stebbins, 1951; per. obs.) . However, G. olivacea sometimes call from land as a chorus forms (Dr. Robert Martin, per. comm.). Blair (1950) suggests that differences in body size may act as a partial isolating mechanism in G. olivacea and G. carolinensis (see species recognized). Comparison of these 2 species (Table 4) with G. usta (Table 5) , G. elegans (7 males range 21.3-25.9 mm, mean 23.6 mm; 4 females at 26.2, 27.0, 27.1, and 28.9 mm), and G. pictiventris (17 males range 25.1-30.8 mm, mean 26.8 mm, 8 females 27.3-37.2 mm, mean 32.6 mm) suggest that interspecies differences in average size are less than intraspecific ontogenetic and geographical variation in adult size. Most sympatric or nearly sympatric populations of different species differ by 3 mm or less in mean body length. Bragg (1950a, c) and Blair (1955b) discuss the possibility that minor differences in breeding season, propensity to breed without rain, and propensity for daytime chorusing may act as "weak" partial isolating mechanisms separating G. carolinensis and G. olivacea. Fitch (1956a) notes daytime calling in G. olivacea, a feature Bragg (1950a) and Blair (1955b) list only for G. carolinensis. G. usta, G. elegans, and G. pictiventris do call at night after rains
The principle premating isolating mechanisms appear to be habitat differences, calls, and the unique terrestrial calling behavior of G. usta.
INTERSPECIFIC RELATIONSHIPS
Some evidence is available on intrageneric affinities. The species are similar in bo and adult feeding adaptations, diets, size, and are essentially allopatric or parapatric. The general picture corresponds to that expected for a group of closely related species.
G. usta is set off by having 2 metatarsal tubercles, by the most distinctive call, and by chorusing on land. The first feature is presumably a modification for xeric habitats. The 2 other features might be the result of displacement by interactions with Hypopachus. G. usta and Hypopachus are broadly sympatric and commonly chorus together. (Chorusing behavior in Hypopachus is similar to the other Gastrophryne species; per. obs.).
The remaining divide into 2 pairs of allied species. G. elegans and G. pictiventris are alike and differ from the other species in the genus in having dilated terminal phalanges on the outer toes and a trace of web and in coloration. Dilated terminal phalanges occur in other frogs that live in tropical forest litter. G. carolinensis and G. olivacea differ from the latter 2 in having simple terminal phalanges and in lacking webs. The juvenile coloration of G. olivacea is reminiscent of that of G. carolinensis (Fitch, 1956a) . G. elegans resembles G. usta in having a pigmented abdominal shield (Willem, 1941; Nelson, 1966) , but G. olivacea and G. carolinensis resemble G. usta in having simple phalanges and no traces of webs. Gastrophryne existed in North America by the Miocene (Auffenberg, 1956; Holman, 1961) . The 3 groups of Gastrophryne may have differentiated with the late Tertiary segregation of modern vegetational types or with Pleistocene shifts. Blair (1955b Blair ( , 1965 suggested G. olivacea and G. carolinensis might have differentiated in southern refugia during the Pleistocene or, alternatively, as peripheral isolates. Until the Honduranean G. elegans was found, G. elegans and G. pictiventris obviously represented differentiation in 2 similar regions separated by an impassible barrier (the Motagua Valley).
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APPENDIX I -LOCALITY RECORDS
In order to summarize the records as concisely as possible several conventions are used. Listings in a state (USA) are by county, in other countries by state or department. No punctuation is used within any 1 locality; localities in 1 county from 1 collection are separated by commas; localities in different collections are separated by semicolons. If 1 collection contains several records in 1 county based on the same town, only 1 is listed unless the distance between extremes approximates or exceeds 10 miles. Except for some marginal areas, no additional records are cited for counties for which a locality record has already been published. In citing published records preference is given respectively to summary papers, to exact over county only records, and to the earliest records. The following abbreviations are used for collections: AL-University of Alabama, AM-American Museum of Natural History, AP-Academy of Natural Sciences of Philadelphia, AS-Arizona State University, AU-Auburn University, AZ-University of Arizona, BC-Bryce C. Black checked the UO collection; with these exceptions, I have examined most of the specimens listed from all collections except TA, TN, and some groups from KU and UM. A small-number of records could not be assigned to a county and were omitted.
Gastrophryne carolinensis (Holbrook) ALABAMA. Loding (1922) records by name only 7 counties of which Cherokee, Etowah, and Saint Clair are not represented by exact records. Brown (1956) cites by name only 21 counties of which Elmore is not otherwise represented. Additional records: Baldwin (5 mi NE Fairhope, AU; Point Clear, 5 mi S Spanish Fort, AL), Calhoun (Fort McClellan, AM), Chambers (13 mi NNE Auburn, Lafayette, AL), Choctaw (2.5 mi S Butler, AL), Clark (6 mi S Jackson, UM; near Thomasville, AL), Clay (3.5 mi NW Ashland, UM), Coffee (.5 mi W Choctawatchee River, AL), Conecuh (2 mi E Evergreen, MS), Cullman (Burt, 1938b) , Escambia (1.5 mi NW Brewton, 8 mi SW Brewton, AL), Geneva (Geneva, AL), Houston (6.5 mi S Columbia, just S Gordon, AU; near Dothan, Pansey, AL), Jackson (6 mi SW Bridgeport, Stevenson, AM; 2 mi S Scottsboro, AL), Jefferson (Holman, 1961) , Lawrence (Imboden, US), Lee (Auburn, US; 9 mi W Auburn, 7 to 10 mi S Auburn, AU), Macon (Wright, 1932) , Marengo (5 mi N Linden, Hackelburg, AL), Montgomery (Holt, 1924), Mobile (Strecker, 1909) , Shelby (Holt, 1924) , Talladega (Talladega, Horne's Pond, Howell's Cove, UM), Tuscaloosa (1 mi E Holt, UM; Tuskaloosa, AL, UF), and Walker (Pumpkin Center, AL).
ARKANSAS. Black and Dellinger (1938) cite localities for 10 counties (Clay, Garland, Green, Lafayette, Lawrence, Montgomery, Monroe, Prairie, Pulaski, and White). Burt (1936) cites localities in 5 more (Craighead, Dallas, Grant, Nevada, and Washington). Dowling (1957) FLORIDA. Carr (1940) provides an exact locality for Hernando and county only records for 26 others; of these, no exact record is available for Okaloosa. Duellman and Schwartz (1958) cite exact records for 4 counties in southern Florida (Broward, Collier, Dade, and Monroe). Additional records: Alachua
